Ground-Based Ultraviolet-Radiation Measurements during Springtime in the Southern Hemisphere by Jaque Rechea, Francisco et al.
Ground-Based Ultraviolet-Radiation Measurements Página 1 de 5
P u b lish ed  on  E u ro p h y s ic s  L ett. V o l. 28  (4 ) pp . 2 8 9 -2 9 3  (1994)
Ground-Based Ultraviolet-Radiation Measurements during 
Springtime in the Southern Hemisphere
F. J A Q U E (l) , J. 0 .  T 0 C H 0 (2 ) ,  L. F . D A  S IL V A (3 ), G. B E R T U C C E L L I(4), E. C R IN 0 (5 ). F. 
C U S S Ó (l) , M . A . D E  L A U R E N T IS (6), J. L . H 0 R M A E C H E A (8 ), G . L IF A N T E (l) , M . G. N IC O R A  
(2 ), H . F . R A N E A -S A N D O V A L Í4 ), V . V A L D E R R A M A Í9 ) and G. D . Z 0 J A Í7 )
1. D epartam ento de F ísica  de M ateriales, C -IV , U niversidad  A u tónom a de M adrid 2 8 0 4 9  
M adrid, Spain
2. D epartam ento de F ísica , U n iversidad  N acion a l de la Plata and CIOp (C O N IC E T -C IC ) - La 
Plata, A rgentina
3. D epartam ento de F ísica , U n iversidad  T écn ica  F. Santa M aría C asilla  1 10-V , V alparaíso, C hile
4. Instituto de F ísica  A rroyo S eco  - T andil, A rgentina
5. U niversidad N acion a l de San L u is - San L uis, A rgentina
6. O bservatorio A stronóm ico M unicipal - M ercedes, A rgentina
7. Centro A stronóm ico - B ariloche, A rgentina
8. E stación  A stronóm ica - R ío  G rande, A rgentina
9. D epartam ento de M atem áticas y  F ísica , U n iversidad  de M agallanes, Punta A renas, C hile
A bstract - W e report the first m easurem ents obtained by a netw ork o f  U V -B  detectors established  
through A rgentina and C hile, at location s coverin g  latitudes extend ing from  5 3 °  S to 18° S. E v id en ce  
that U V -B  increases are detected at th ese latitudes during the A ustral spring 1993 is presented.
Introduction. - The destruction o f  the stratospheric o zon e  layer is generally  considered  one o f  the 
m ost serious environm ental problem s. It has been  recently  published that during O ctober 1998 the  
o zon e  h ole  has been  the deepest ever recorded [1]. R edu ction  o f  the stratospheric ozon e  layer w as  
unam biguously  detected  about tw o d ecades ago in the Antarctic continent [2 ,3 ]. S ince then it has 
been system atica lly  m onitored by d ifferent m eans (satellite , balloon  soundings and ground station  
observations [4-6]. O ne o f  the m ost serious content reduction is the increase o f  b io lo g ica lly  effective  
ultraviolet d oses, particularly the so -ca lled  u ltraviolet B  radiation (2 8 0 -3 2 0  rum) received  at the Earth 
surface, w ith  m ultip le p o ssib le  hazards for liv in g  sp ec ies  [7]. D esp ite  these con seq u en ces, ground  
stations to  ch eck  the U V  Sun radiation are not very  num erous, particularly outside the circum polar  
area in the Southern H em isphere. W ith the aim  o f  studying w hether the o zo n e  depletion  over the 
A ntarctic area has extended further, and w hether the p ossib ility  that U V -radiation  increase m ay  
b eg in  to a ffect inhabited regions, a netw ork  o f  U V -B  detectors has been estab lished  through  
A rgentina and C hile, at locations coverin g  latitudes extend ing from  5 3 °  S to  18° S ( f ig .l) .  H ere w e  
report the first m easurem ents obtained by th is netw ork providing ev id en ce  that U V -B  increases are 
detected  at these latitudes during the last Austral spring.
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Fig. 1 - Location of the ground - based UV-B detectors through Argentina and Chile
1 2 0
E xperim ental resu lts a n d  discussion. - The d ev ice s  bu ilt for th is purpose have been  d esig n ed  to be o f  
lo w  co st and easy  to  m anipulate, in order to  im p lem en t an extend ed  U V  netw ork. T he d ev ice  
con sists  o f  tw o  E G G  detectors (type D F ) incorporating b lue s ilico n  p h otod iod es (spectral response  
2 5 0 -9 0 0  nm ) and integrated in terferentia l filters (centred at 313  nm  and 3 0 0  nm , w h ith  10 nm  
bandw idth). T w o quartz based  te lesco p ic  a ssem b lies and an equatorial m ounting (A L S T A R ) a llo w  
Sun tracking for direct solar-radiation m easurem ent. T he relative resp onse o f  the d ev ice s  has been  
carefu lly  calibrated at the Centro de In vestigac ion es O pticas (C IO p), La P lata, A rgen tin e./p >
D u e to  the substantial d ifferen ce (a  factor o f  s ix ) in the absorption cro ss-sectio n  at the se lected  
w a v e len g th s (313  and 3 0 0  nm ) [8 ], ch an ges in the irradiance ratio at th ese w avelen gth s clearly  
indicate a decrease in the total o zo n e  am ount. A lth ou gh  the irradiance ratio b etw een  th ese  tw o  c lo se  
w a v e len g th s corrects several e ffects , such as ligh t scattering by clou ds [9 ], a ll data presen ted  in th is  
w ork  h ave been  taken in clear days, w ith  h igh  horizontal v isib ility .
F igure 2a ) sh o w s the variation o f  the total o zo n e  during Septem ber 1993 (d ays 245  to  2 7 4  o f  the
year), recorded in Punta A renas (lat. =  5 2 °  S), C h ile , w ith  a B rew er spectro-photom eter, calibrated in  
D o b so n  units. It can be observed  that a rem arkable d ep letion  in the total o zo n e  b etw een  the days 2 5 0  
to 2 6 0  w a s detected , fo llo w ed  by narrow deeps occurring on  the days 2 7 0  and 2 76 . T h e overall 
o zo n e  reduction registered b etw een  the days 2 4 8 -2 7 0  w a s about 50%  o f  the predep letion  va lu es.
Figure 2b) sh o w s (c irc les) the m idday irradiance ratio (R ) at 313  nm  and 3 0 0  nm , taken at the 
O bservatorio A stron óm ico  de R ío  Grande (lat. =  5 3 °  S), A rgentina, a lo ca lity  near Punta A renas, 
during the days 2 4 6 -2 8 0  o f  1993. A s  can be ob served , th is ratio sh o w s a pronounced  drop in the R  
va lu es b etw een  the days 2 5 0  and 2 6 0 , fo llo w ed  b y  narrow  deeps on the days 2 7 0  and 2 7 6 . The  
overall d ecrease registered b etw een  the days 2 4 6 -2 7 0  w a s about 50%  o f  the predep letion  va lu es. 
T h ese  resu lts are in agreem ent w ith  the evo lu tion  o f  the total ozon e  m easured in Punta A renas during  
the sam e period o f  tim e (fig . 2a).
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continent during the b eginn ing  o f  the 1993 spring.
Fig.3 - Evolution of the irradiance ratio at 313 and 300 nm: Valparaiso (Chile), San Luis (Argentina) and Mercedes 
(Argentina) during the days 256-280 of 1993.
Fig.4 - Dependence of the percentage decrease of the irradiance ratio at 300 nm and 313 nm (R) with the latitude
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It is accepted  that o zo n e  depletion  in the atm osphere is caused  by a series o f  U V  induced  
photochem ical and catalytic reactions in vo lv in g  h a logen s as w e ll as hydrogen and nitrogen
com pounds (H O x and N O x). The in jection  o f  these com p on en ts, due to the polar-vortex destruction, 
is generally  associa ted  w ith  the recurrent o zo n e  dep letion  during the A ustral spring.
In relation to the U V  increase at the Earth surface presented in fig . 2 and 3, the appearance o f  
ep isod es w e ll loca lized  in tim e during the d ays 27 0  and 2 7 6  is apparent. T h ese  ep isod es are o f  short
(few  days) duration and appear practically  co in cid en t at latitudes as different as in R io  Grande (5 3 °  
S) and A ntofagasta  (2 3 °  S). Therefore, they seem  to  be inconsisten t w ith  a d iffu sion  process o f  the  
"ozone hole" from  the Antarctica, and other p o ssib ilities  m ust be considered.
It is generally  accepted  that h igh-in tensity  (X ) solar flares are capable o f  depositing large am ounts o f  
energy in a short tim e, in vo lv in g  the production  o f  h igh  concentrations o f  n itrogen ox id e  and  
affecting  the o zo n e  concentration at d ifferent atm ospheric altitudes [1 0 -1 2 ], so  that th is p ossib ility  
m ust be considered.
A n  inspection  to the solar-activity reports pub lished  b y  the N ational O ceanographic and  
A tm ospheric A g e n c y  [13 ,14 ] reveals the absence o f  h igh-in tensity  (X ) solar flares, although tw o  
m oderate solar flares o f  m agnitude M l.8 on Septem ber 27th, and another solar flare ( M l.4  in tensity) 
on O ctober 2nd (davs 2 7 0  and 2 7 6 ) w ere detected .
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Fig. 4.
Fig. 3.
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(lambda), observed around the day 270 of 1993 at the localities of Punta Arenas, Rio Grande, Bariloche, Tandil, 




S om e o f  these less intense events have a lso  been  associa ted  to  ozon e depletion  [11 ], although the 
connection  o f  this low er  intensity (M ) even ts is not as clear as w ith  the h igh-en ergy  (X ) events, 
w h ich  are occasion a lly  associated  w ith  a m easurable solar-proton event at the Earth surface  
(G round-L evel Solar Proton E vent).
Therefore, although it cannot be unam biguously  stated, the co in cid en ce in tim e su ggests a p ossib le  
con n ection  betw een  solar flares and the U V -radiation  increase. W e w ant to remark a lso  that the 
o zo n e  depletion  here reported on days 2 7 0  and 2 7 6  o f  1993 in Punta A renas am ounts to a 50%  o f  its 
predepletion  value. T his is higher than the va lu es p rev iou sly  reported (23%  [11] and =  5% [12 ]) in 
connection  w ith  solar-flare events.
T he establishm ent o f  a m ore exten sive  netw ork, d evoted  to perm anent U V  radiation m onitoring, 
covering  even  higher (equatorward) latitudes than th ose  show n here, w ou ld  be very con ven ien t to  
ascertain the origin o f  the observed U V -radiation  increase.
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